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1.0  EXECUTIVE  SUMMARY 


1 

* 

1.1  INTRODUCTION 

This  report  is  in  response  to  Contract  No.  DACA  31-80-D-0019,  Amend¬ 
ment  00005  with  the  U.S.  Department  of  the  Army  to  perform  an  energy 
conservation  study  on  building  No.  3  of  Cameron  Station.  During  the  early  60's, 
building  No.  3  was  converted  to  administrative  office  space,  after  having  served 
as  a  warehouse  for  many  years.  All  of  the  office  space  is  contained  on  a  single 
floor  with  a  total  area  of  approximately  130,000  sq.  ft.  The  building  envelope 
consists  of  windowless,  three  course  brick  walls  with  a  pitched  roof  that  is 
separated  from  occupied  space  by  a  suspended  ceiling.  The  21  HVAC  units 
located  in  the  plenum  space  above  the  ceiling,  provide  comfort  conditioning 
thru  the  use  of  steam  heating  and  chilled  water  cooling. 

1.2  OBJECTIVES 

The  objectives  of  this  energy  conservation  study  are  as  follows: 

a.  Investigate  various  systems  which  consume  energy  in  order  to  identify 
energy  conservation  opportunities.  These  selected  systems  include 
HVAC  equipment,  temperature  and  humidity  controls,  heat  recovery 
equipment,  building  insulation,  ventilation  rate  reduction,  lighting  sys¬ 
tems  and  domestic  hot  water. 

b.  Analyze  energy  conservation  opportunities  to  determine  which  are  cost 
effective  and  produce  adequate  energy  savings.  Provide  design  concepts, 
cost  estimates  and  economic  analyses  to  quantify  the  implementation  of 
the  proposed  measures. 

1.3  CONCLUSION  AND  FINDINGS 

The  results  of  the  study,  indicate  the  potential  for  saving  2787.5 
MBTU/yr  (10^  BTU/yr)  or  $27,206  per  year  (FY81)  with  a  total  capital 
investment  of  $117,600  and  a  survey  cost  of  $15,600.  The  savings  can  be 


realized  from  both  capital  intensive  and  non-capital  intensive  modifications. 
The  energy  saving  measures  represent  29  percent  of  the  present  energy  costs. 
See  Table  1  for  a  summary  of  modifications  and  economic  analyses.  See 
Section  3  of  this  report  for  a  detailed  discussion  of  each  modification. 

Many  of  the  non-capital  intensive  modifications  are  maintenance 
deficiencies  that  have  resulted  in  a  greater  consumption  model  than  the  original 
design.  The  maintenance  items  include  the  following: 

a.  Uncalibrated  and  faulty  economizer  controls. 

b.  Sticky  or  disconnected  damper  operators. 

c.  Air  Handling  Unit  (AHU)  time-clocks  without  all  or  any  of  the  necessary 
devices  to  trip  or  actuate  unit  operation.  Several  of  the  time-clocks 
were  installed  but  never  set  up. 

NUS  feels  that  these  maintenance  deficiencies  should  be  remedied 
regardless  of  the  economic  analysis.  However  the  analysis  does  show  economic 
benefits  from  correcting  these  problems. 

Due  to  the  structural  and  mechanical  similarities  among  all  eight  major 
buildings  at  Cameron  Station,  NUS  feels  that  benefits  similar  to  those  predicted 
for  building  No.  3  could  be  realized  by  investigating  the  proposed  modifications' 
applicability  to  the  other  buildings.  Adding  insulation,  calibrating  controls  and 
reducing  ventilation  rates  will  all  lead  to  energy  savings  similar  to  those 
expected  from  building  No.  3. 

In  addition,  NUS  feels  that  adding  individual  steam,  cooling  water,  and 
electricity  metering  capabilities  for  each  building  will  increase  control  over  the 
energy  consumption  profile.  Metering  energy  consumption  on  building  3  both 
before  and  after  the  modifications  are  implemented  will  increase  the  accuracy 
of  the  energy  analysis  on  the  remaining  seven  buildings,  thereby  helping 
Cameron  Station  reach  its  energy  conservation  goals. 


During  the  energy  analysis,  several  energy  conservation  measures  were 
observed  that  cannot  be  implemented  without  either  modifying  all  of  the 
buildings  or  modifying  the  central  plants.  The  following  observations  are 
basewide  deficiencies  that  could  be  investigated. 

a.  One  possible  modification  is  to  add  insulation  to  the  steam  condensate 
return  system.  The  existing  condensate  lines  have  no  insulation  and  are 
currently  wasting  approximately  100  BTU's  per  pound  of  steam  gene¬ 
rated.  In  1979  the  central  steam  generating  plant  produced  59.33  million 
lbs.  of  steam.  Assuming  that  the  addition  of  insulation  could  save  50 
BTU  per  pound  of  steam,  a  yearly  saving  of  2967  MBTU/yr  or  $25,300/yr 
(FY  SI)  would  be  realized. 

b.  Another  possible  modification  is  to  raise  the  chilled  water  temperature. 
A  higher  chilled  water  temperature  saves  energy  by  (1)  decreasing  the 
heat  gain  to  piping  (10-15  percent  of  the  piping  gains)  and  (2)  increasing 
the  refrigeration  equipment  efficiency.  The  current  chilled  water  plant 
provides  40° F  water  throughout  the  entire  cooling  season.  The  chilled 
water  controller  should  be  adjusted  to  maintain  the  highest  possible 
temperature;  55° F  should  be  the  minimum  to  comply  with  the  Emer¬ 
gency  Building  Temperature  Restriction.  During  periods  of  high  outdoor 
humidity  or  peak  cooling  load,  the  temperature  of  the  chilled  water 
could  be  gradually  lowered  to  45°F  or  40°F.  As  a  general  rule, 
efficiency  increases  1  Yi  percent  for  each  degree  of  increase  in  chilled 
water  temperature.  Utilizing  a  50°F  chilled  water  temperature  could 
save  up  to  2000  MBTU/yr  or  $6,660/yr  (FY  SI). 
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CAMERON  STATION  ENERGY  AUDIT  BUILDING  NO.  3 


FIGURE  2 
FLOOR  PLAN 


2.0 


CURRENT  ENERGY  PROFILE 


2.1  TOTAL  ENERGY  CONSUMPTION 

Figure  3  shows  graphically  the  current  energy  consumption  for  building  3  of 
Cameron  Station.  The  quantity  of  energy  consumed  is  based  on  detailed  review 
of  the  building  drawings,  visual  inspection,  analysis  of  the  building  dynamics, 
and  limited  records  from  the  existing  monitoring  equipment.  The  eight  major 
buildings  at  Cameron  Station  are  not  individually  monitored  for  their  consump¬ 
tion  of  electricity,  steam,  and  cooling  water.  Recently,  a  kilowatt-hour  meter 
was  installed  to  monitor  the  combined  load  for  buildings  3  and  4.  Figure  4 
shows  graphically  the  total  cost  of  energy  consumption  for  fiscal  year  1980. 
The  total  energy  consumption  is  10,355  MBTU/yr.  at  a  present  cost  of  $92,290. 
With  a  combined  inflation  and  escalation  rate  of  14  percent  per  year,  the 
estimated  energy  cost  for  building  No.  3  in  1990  will  be  $342,139.  Imple¬ 
menting  all  of  the  proposed  energy  conservation  measures  will  reduce  the 
energy  cost  for  1990  to  $242,280. 


7 


CAMERON  STATION  ENERGY  AUDIT  BUILDING  NO.  3 


EQUIPMENT  &  LIGHTS 
138.4%) 

3868.6  x  10®  BTU/yr. 


ENERGY  PROFILE  (MILLION  BTU'S/yr.) 
TOTAL  CONSUMPTION  =  10,355  MBTU/yr. 


EQUIPMENT  8  LIGHTS 
154.9%) 

$50.680/yr. 


FIGURE  4 

ENERGY  COST  PROFILE  (DOLLARS) 
TOTAL  COST  =  $92,290/yr. 
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3.0  MODIFICATIONS  AND  RECOMMENDATIONS 


3.1  MODIFICATION  NO.  1  -  ADD  INSULATION  TO  CEILING 

During  the  field  survey,  it  was  observed  that  the  only  portion  of  the 
building  envelope  requiring  thermal  improvement  is  the  space  above  the 
suspended  ceiling.  The  exterior  walls  provide  an  overall  U-Value  =  0.281 
BTU/hr/°F/S.F.,  which  is  lower  than  the  maximum  U-Value  required  by 
ASHRAE  Std.  90-75  (Energy  Conservation  in  New  Building  Design).  The  low  U- 
Valve  is  due  to  lack  of  windows  on  the  exterior  walls.  However,  the  composite 
ceiling  U-Value  is  greater  than  maximum  required  in  ASHRAE  Std.  90-75.  The 
existing  insulation  is  decayed  and  has  settled  to  an  average  thickness  of 
approximately  1  inch. 

Adding  insulation  to  the  suspended  ceiling  saves  energy  by  (1)  decreasing 
the  heat  flow  rate  thru  the  ceiling  during  the  occupied  hours,  and,  (2)  keeping 
the  heat  within  the  space  during  unit  shut-down.  However,  adding  insulation 
:  "reases  the  quantity  of  heat  required  to  protect  piping  in  the  plenum  space 

eezing. 

The  station  is  currently  attempting  to  reduce  energy  consumption 
basewide  by  shutting  the  steam  plant  down  during  the  evening  hours.  As  a 
result  cf  this  procedure  several  pipes  in  the  plenum  space  have  frozen, 
fortunately  with  no  damage  to  the  equipment  below. 

Freeze-protection  for  the  overhead  piping  was  originally  provided  with 
steam  unit  heaters  located  in  the  plenum  space.  To  correct  the  freezing 
problems  the  base  will  have  to  either  provide  continuous  steam  to  these  heaters 
or  provide  steam  at  a  lower  pressure  during  the  evenings  or  install  electric 
space  heaters.  During  the  analysis  of  the  effects  of  adding  insulation,  the 
additional  heat  required  to  the  plenum  was  deducted  from  the  savings,  but  the 
capital  costs  of  providing  a  means  of  freeze-protection  was  not  included 
because  it  is  an  existing  problem  that  must  be  remedied. 
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Figure  5  shows  the  overall  effects  of  adding  various  thicknesses  of 
insulation.  Adding  R-19  insulation  (typically  6  inches)  saves  1060  MBTU/yr  or 
$8,434/yr  (FY  81),  while  adding  R-30  insulation  (typically  9  inches)  saves  1160 
MBTU/yr  or  $9,131/yr  (FY  81).  The  Economic  Analysis  Summary  Forms  show 
the  6  inch  insulation  has  the  best  E/C  ratio  and  pay-back  period. 


CAMERON  STATION  ENERGY  AUDIT  BUILDING  NO.  3 

ENERGY  SAVINGS  FROM  ADDING  VARIOUS 
THICKNESSES  OF  INSULATION  TO  THE  SUSPENDED  CEILING 


LEGEND: 

ENERGY  SAVINGS  TO  CONDITIONED  SPACE 
•  ADDITIONAL  HEAT  NEEDED  FOR  FREEZE- 


FIGURE  5 


TABLE  2 

ECONOMIC  ANALYSIS  SUMMARY 


Location:  Cameron  Station  Energy  Audit,  Bldg.  No.  3 _ FY _ 81 _ 

Project:  Modification  No.  1  (Alternate  C)  Add  3"  of  Ceiling  Insulation 


Economic  Life  25  Yrs.  Date  Prepared  1/8/81 _ Prepared  by  D.  Stud  ley 


COSTS 


1.  Non-Recurring  Initial  Capital  Costs: 

a.  CWE 

b.  Design 

c.  _ 

d.  Total 

BENEFITS 


$ 

S' 

$ 


38,520 
— ~2T3TT 

$  40.831 


2. 


3, 


4. 


Recurring  Benefit/Cost  Differential  Other  than  Energy: 

a.  Annual  Labor  Decrease  (+) /Increase  (-) 

b.  Annual  Material  Decrease  (+) /Increase  (-) 

c.  Other  Annual  Decrease  {+) /Increase  (-) 

d.  Total  Costs 

e.  10%  Discount  Factor 

f.  Discounted  Recurring  Cost  (d  x  e) 


Recurring  Energy  Benefit/Costs: 
a .  Type  o f  Fue 1 :  No. 6  Fuel  Oil 


b. 


(1) 

(2) 

(3) 

(4) 

(5) 


(2) 

(3) 

(4) 

(5) 


Annual  Energy  Decrease  (+) /Increase  (-) 

Cost  per  MBTU 

Annual  Dollar  Decrease /Increase  ((l)x(2>) 
Differential  Escalation  Rate  (  8  %)  Factor 
Discounted  Dollar  Decrease /Increase  (3)x(4) 
Type  of  Fuel:  Electricity-Cooling 
(1)  Annual  Energy  Decrease  (+) /Increase 
Cost  per  MBTU 

Annual  Dollar  Decrease/ Increase  ((l)x(2)) 
Differential  Escalation  Rate  (  7  %)  Factor 
Discounted  Dollar  Decrease/Increase  ((3)x(4)) 


(-) 


Type  of  Fuel 


(1)  Annual  Energy  Decrease  (+) /Increase  (-) 

(2)  Cost  per  MBTU 

(3)  Annual  Dollar  Decrease/Increase  ((l)x(2)) 

(4)  Differential  Escalation  Rate  ( _ %)  Factor 

(5)  Discounted  Dollar  Decrease /Increase  ((3)x(4)) 
d.  Discounted  Energy  Benefits  (3a(5)+3b(5)+3c(5)+3d(5) ) 

Total  Benefits  (Sum  2f+3d) 


724  MBTU/Yr. 
$  6 .  !>  3  /mbtu 
s'ens/Y?: — 

'  50T55 - 

$'  123:859 - 


81  MBTU/Yr. 
$  3 .60 /MBTU 
$  292/Yr . 

18.049 
$  5,2^0 


$' 

$' 


$  129.099 

$  129,099 


5.  Discounted  Benefit/Cost  Ratio  (Line  4/Line  Id) 

6.  Total  Annual  Energy  Savings  (3a(l)+3b(l)+3c(l) ) 

7.  E/C  Ratio  (Line  6  7  Line  la/1000) 

8.  Annual  $  Savings  (2d+3a(3)+3b(3)+3c(3)) 

9.  Pay-Back  Period  ((Line  la  -  Salvage) -fLine  8) 


3.16 _ 

805  MBTU/Yr. 

-J ?SLi _ 

$  6 ,468/Yr . 
5.96  Yr. 


TABLE  3 

ECONOMIC  ANALYSIS  SUMMARY 


Location:  Cameron  Station  Energy  Audit,  Bldg.  No.  3 _ FY _ 81 _ 

Project:  Modification  No.  1  (Alternate  B)  Add  6"  of  Ceiling  Insulation 


Economic  Life  25  Yrs.  Date  Prepared  1/8/81  Prepared  by  D.  Studle 


Non-Recurring  Initial  Capital  Costs: 

a.  CWE 

b.  Design 

c.  _ 

d.  Total 


BENEFITS 


$  45,900 

$  2.754 

$  _ 

$  48.654 


2.  Recurring  Benefit/Cost  Differential  Other  than  Energy: 

a.  Annual  Labor  Decrease  (+) /Increase  (-) 

b.  Annual  Material  Decrease  (+) /Increase  (-) 

c.  Other  Annual  Decrease  (+) /Increase  (-) 

d.  Total  Costs 

e.  10%  Discount  Factor 

f.  Discounted  Recurring  Cost  (d  x  e) 

3.  Recurring  Energy  Benefit/Costs: 

a.  Type  of  Fuel:  No.  6  Fuel  Oil 

(1)  Annual  Energy  Decrease  (+) /Increase  (-) 

(2)  Cost  per  MBTU 

(3)  Annual  Dollar  Decrease /Increase  ((l)x(2)) 

(4)  Differential  Escalation  Rate  ( _ 8_%)  Factor 

(5)  Discounted  Dollar  Decrease /Increase  (3)x(4) 

b.  Type  of  Fuel:  Electricity 

(1)  Annual  Energy  Decrease  (+) /Increase  (-) 

(2)  Cost  per  MBTU 

(3)  Annual  Dollar  Decrease/ Increase  ((l)x(2)) 

(4)  Differential  Escalation  Rate  ( _ 7_%)  Factor 

(5)  Discounted  Dollar  Decrease /Increase  ((3)x(4)) 

c.  Type  of  Fuel: _ 

(1)  Annual  Energy  Decrease  (+) /Increase  (-) 

(2)  Cost  per  MBTU 

(3)  Annual  Dollar  Decrease/Increase  ((l)x(2)) 

(4)  Differential  Escalation  Rate  ( _ %)  Factor 

(5)  Discounted  Dollar  Decrease /Increase  ((3)x(4)) 

d.  Discounted  Energy  Benefits  (3a (5) +3b ( 5) +3c  (5) +3d (5) ) 

4.  Total  Benefits  (Sum  2f+3d) 

5.  Discounted  Benefit/Cost  Ratio  (Line  4/Line  Id) 

6.  Total  Annual  Energy  Savings  (3a  (1) +3b (1) +3c (1) ) 

7.  E/C  Ratio  (Line  6  7  Line  la/1000) 

8.  Annual  $  Savings  (2d+3a (3) +3b (3) +3c  (3) ) 

9.  Pay-Back  Period  ((Line  la  -  Salvage) +Line  8) 


935  MBTU/Yr. 
$  8 . 53 /MBTU 
$  7 ,976/Yr . 

20.050 
$  159,919 

125  MBTU/Yr. 


$  458/Yr . 
18.049 


$  168,185 
$  168,185 

3,46 _ 

1060  MBTU/Yr. 


5.44  Yr. 
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TABLE  4 

ECONOMIC  ANALYSIS  SUMMARY 


Location;  Cameron  Station  Energy  Audit,  Bldg.  No.  3 _ FY  81 _ 

Project:  Modification  No.  1  (Alternate  A)  Add  9"  of  Ceiling  Insulation 


Economic  Life  25  Yrs.  Date  Prepared  1/8/81 _ Prepared  by  D.  Stud  ley 


COSTS 

1.  Non-Recurring  Initial  Capital  Costs: 

a.  CWE 

b.  Design 

c .  _ _ . _ _ _ 

d .  Total 


BENEFITS 


2. 


Recurring  Benef ii/Cost  Differential  Other  than  Energy: 

a.  Annual  Labe;  Decrease  (+) /Increase  (-) 

b.  Annual  Material  Decrease  (+) /Increase  (-) 

c.  Other  Annu? >  Decrease  (+) /Increase  (-) 

d .  Total  Cost* 

e.  10%  Discount  Factor 

f.  Discounted  Recurring  Cost  (d  x  e) 

3.  Recurring  Energy  Bene fit /Costs: 


b. 


d. 


Type 

(1) 

(2) 

(3) 

(4) 

(5) 
Type 
(1) 
<2) 

(3) 

(4) 

(5) 
Type 
(1) 
(2) 

(3) 

(4) 

(5) 


of  Final:  No.  6  Fuel  Oil 


Annual  Energy  Decrease  (+) /Increase  (-) 

Cost  per  MBTU 

Annual  Dollar  Decrease /Increase  ((l)x(2)) 

Differential  Escalation  Rate  ( _ g_%)  Factor 

Discounted  Dollar  Decrease /Increase  (3)x(4) 

of  Fuel:  Electricity _ 

Annual  Energy  Decrease  (+) /Increase  (-) 

Cost  per  MBTU 

Annual  Dollar  Decrease/Increase  ( (l)x(2) ) 
Differential  Escalation  Rate  (  7  %)  Factor 
Discounted  Dollar  Decrease/Increase  ((3)x(4)) 

of  Fuel: _ 

(+) /Increase  (-) 


Annual  Energy  Decrease 
Cost  per  MBTU 

Annual  Dollar  Decrease /Increase  ((l)x(2)) 

Differential  Escalation  Rate  ( _ %>  Factor 

Discounted  Dollar  Decrease/Increase  ((3)x(4)) 
Discounted  Energy  Benefits  (3a (5) +3b(5) +3c (5)  +3d (5) ) 


4.  Total  Benefits  (Sum  2f+3d) 

5.  Discounted  Benefit/Cost  Ratio  (Line  4/Line  Id) 


6.  Total  Annual  Energy  Savings  (3a (l)+3b(l)+3c(l) ) 

7.  E/C  Ratio  (Line  6  ?  Line  la/ 1000) 

8.  Annual  $  Savings  (2d+3a (3) +3b  (3) +3c  (3) ) 

9.  Pay-Bacx  Period  ((Line  la  -  Salvage) -fLine  8) 


$  72,300 

$  4,333 

$  _ 

$  76.638 


1005  MBTU/Yr . 

5  3J}1/WTV _ 

$  -8-.mz.yr. _ 

20.050 
$  171.889 

155  MBTU/Yr. 

$  3 ■ 6 /MBTU 
$  558/Yr  . 

18.049 

$  10,071 _ 


$ 

S' 


$  _ 

$  181.960' 

$  181,960 

2.37 


1160  MBTU 


16.04 


$  9,131/Yr, 
7.92 


3.2  MODIFICATION  NO.  2  -  REPAIR  ECONOMIZER  CONTROLS  AND 
REDUCE  VENTILATION  RATES 

Many  of  the  present  economizer  controls  for  the  air  handling  units  are 
faulty,  out  of  calibration,  or  disconnected.  The  economizer  cycle  can  provide 
approximately  649  MBTU/yr  of  free  cooling.  During  the  cooling  cycle,  the 
economizer  system  admits  outside  air  when  enthalpy  of  the  outside  air  is  lower 
then  the  enthalpy  of  the  return  air.  For  the  purpose  of  analysis,  (presented  in 
Appendix  A)  it  was  assumed  that  the  existing  economizer  controls  are  not 
taking  advantage  of  38  percent  of  the  free  cooling  available  or  247  MBTU/yr. 
This  value  is  probably  very  conservative  since  the  uncalibrated  and  faulty 
controls  could  be  increasing  the  building  cooling  load  by  erroneously  admitting 
high  enthalpy  outdoor  air. 

Reducing  the  quantity  of  outdoor  ventilation  air  can  be  accomplished 
during  the  replacement  of  the  economizer  controls  and  operators.  The 
minimum  outdoor  air  flow  rate  is  established  by  the  position  set  by  the  damper 
operator.  Flow  variations  can  be  achieved  by  adjusting  the  damper  linkage  or 
shifting  the  location  of  the  operator.  Many  of  the  existing  operators  are  either 
completely  disconnected  or  sticky. 

Since  the  operators  do  not  all  return  to  their  minimum  position,  the  air 
handling  units  are  introducing  more  outdoor  air  than  the  design  value.  The 
estimated  load  for  the  existing  ventilation  rate  is  1461  MBTU/yr  using  a  value 
of  53,100  BTU  per  year  per  cfm.  A  comparison  of  the  existing  and  design 
ventilation  rates  to  the  minimum  rates  set  forth  in  ASHRAE  Std.  62-73 
(Standards  for  Natural  and  Mechanical  Ventilation)  reveals  that  the  design  value 
exceeds  the  current  standard  by  7210  CFM.  The  existing  conditions  exceed  the 
current  standard  by  18,510  CFM.  Reducing  the  ventilation  rates  to  comply  with 
todays  standards  (15  CFM  per  person)  can  save  983  MBTU/yr. 

Replacing  the  economizer  controls  and  reducing  the  ventilation  rates  can 
save  1230  MBTU/yr  or  $9,274 /yr  (FV  81).  The  total  capital  investment  to 
replace  100  percent  of  the  economizer  controls  and  operators  is  $34,980  (FY  81) 
which  results  in  a  simple  payback  period  of  3.56  years. 
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TABLE  5 

ECONOMIC  ANALYSIS  SUMMARY 


Loc at ion :  Cameron  Station  Energy  Audit.  Bldg.  No.  3 _ FY _ 81 _ 

Project:  Modification  No.  2  -  Replace  Economizer  Controls  and  Rptiupp _ 

_ Ventilation _ 

Economic  Life  15  Yrs.  Date  Prepared  1/12/81  Prepared  by  p,  stndle-v 

COSTS 

1.  Non-Recurring  Initial  Capital  Costs: 

a.  CHE 

b.  Design 

c .  _ 

d.  Total 

BENEFITS 


$  33,000 

$  1,980 

$ _ 

$  34,980 


2. 


3. 


4. 


Recurring  Benefit/Cost  Differential  Other  than  Energy: 

a.  Annual  Labor  Decrease  (+) /Increase  (-) 

b.  Annual  Material  Decrease  (+) /Increase  (-) 

c.  Other  Annual  Decrease  (+) /Increase  (-) 

d.  Total  Costs 

e.  10%  Discount  Factor 

f.  Discounted  Recurring  Cost  (d  x  e) 


Recurring  Energy  Benefit/Costs: 

a.  Type  of  Fuel:  Elec tricity -Cooling 

(1)  Annual  Energy  Decrease  (+) /Increase  (-) 

(2)  Cost  per  MBTU 

(3)  Annual  Dollar  Decrease /Increase  ((l)x(2)) 

(4)  Differential  Escalation  Rate  ( _ 7_%)  Factor 

(5)  Discounted  Dollar  Decrease/Increase  (3)x(4) 

b.  Type  of  Fuel:  No.  6  Fuel  Oil 

(1)  Annual  Energy  Decrease  (+) /Increase  (-) 

(2)  Cost  per  MBTU 

(3)  Annual  Dollar  Decrease /Increase  ((l)x(2)) 

(4)  Differential  Escalation  Rate  ( _ %)  Factor 

(5)  Discounted  Dollar  Decrease/Increase  < ( 3 ) x  ( 4 ) ) 

c.  Type  of  Fuel: _ 

(1)  Annual  Energy  Decrease  (+) /Increase  (-) 

(2)  Cost  per  MBTU 

(3)  Annual  Dollar  Decrease/Increase  {  (l)x(2) ) 

(4)  Differential  Escalation  Rate  ( _ %)  Factor 

(5)  Discounted  Dollar  Decrease /Increase  ((3)x(4)) 

d.  Discounted  Energy  Benefits  (3a (5) +3b (5) +3c (5) +3d  (5) ) 


Total  Benefits  (Sum  2f+3d) 


247  MBTU/Yr . 
$  3 . 6 /MBTU 
$  889/Yr . 

12.278 
$  10,915 

983  MBTU/Yr. 
$  8.53 /MBTU 
$  8,385/Yr. 

13.112 _ 

$  109,944 


$ 

$' 


$ _ 

$  120,859 

$  120,859 


5.  Discounted  Benefit/Cost  Ratio  (Line  4/Line  Id) 


3.4 


6.  Total  Annual  Energy  Savings  (3a (1) +3b ( 1) +3c ( 1) ) 

7.  E/C  Ratio  (Line  6  f  Line  la/1000) 

8.  Annual  $  Savings  (2d+3a ( 3) +3b (3) +3c (3 ) ) 

9.  Pay-Bac*  Period  ((Line  la  -  Salvage) +Line  8) 


1230  MBTU/Yr . 

37.3 _ 

$  9,274/Yr. 

3.56  Yr. 
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Replacing  the  economizer  controls  and  reducing  the  ventilation  rates  can 
save  1230  MBTU/yr  or  $9,274/yr  (FY  SI).  The  total  capital  investment  to 
replace  100  percent  of  the  economizer  controls  and  operators  is  $34,980  (FY  81) 
which  results  in  a  simple  payback  period  of  3.56  years. 

3.3  MODIFICATION  NO.  3  -  ADD  SHUT-OFF  DAMPER  TO  OUTDOOR  AIR 
INTAKE  AND  CLOSE  STEAM  COIL  ON  UNIT  SHUT-  DOWN 

Figure  6  shows  the  arrangement  of  the  outdoor  air  intake  and  that  the 
current  steam  coil  operation  allows  energy  to  be  lost  by  (1)  venting  conditioned 
air  to  the  ambient  during  unit  shut  down,  (increasing  the  infiltration  rate  due  to 
thermal  stack  effect),  and  (2)  venting  heat  extracted  from  the  steam  coif 
directly  to  the  outdoors  when  the  air  handling  unit  is  shut  down.  The  full  open 
steam  coil  wastes  approximately  171  MBTU/yr  Even  when  steam  is  not 
available  to  the  coil,  39  MBTU/yr  is  wasted  through  the  outdoor  intake  due  to 
the  increased  infiltration  rates  caused  by  thermal  stack  effect. 

230  MBTU/yr  can  be  saved  by  (1)  adding  shut-off  dampers  to  the  outdoor 
air  intakes  and,  (2)  adding  the  necessary  controls  to  close  the  steam  control 
valves  on  unit  shut-down.  The  steam  coil  can  be  shut  off  either  by  adding  a 
solenoid  valve  to  the  steam  line  or  by  adding  a  three-way  solenoid  valve  to  the 
pneumatic  control  line  to  drive  the  valve  closed.  Implementing  Modification  3 
will  save  $1961/yr  (FY  81)  at  a  capital  investment  of  $12,460. 
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CAMERON  STATION  ENERGY  AUDIT  BUILDING  NO.  3 


MODIFICATION  NO.  3  -  ADD  SHUT-OFF  DAMPER  TO  OUTDOOR  -  AIR  INTAKE  AND 
CLOSE  STEAM  CONTROL  VALVE  ON  UNIT  SHUT-DOWN 


THE  STEAM  SUPPLY  LINE  OR  THE 
CONTROL  AIR  LINE  TO  CLOSE  STEAM 
COIL  ON  UNIT  SHUT-DOWN 


FIGURE  6 


1R 


TABLE  6 

ECONOMIC  ANALYSIS  SUMMARY 


Locat ion ;  Cameron  Station  Energy  Audit  Bldg.  No.  3 _ FY  81 _ 

Project:  Modification  No.  3  -  Add  Outdoor  Air  Shut-Off  Damper  and _ 

Steam  Isolation  Valve 

Economic  Life  15  Yrs.  Date  Prepared  1/16/81  Prepared  by  p.  studlev 


COSTS 


1.  Non-Recurring  Initial  Capital  Costs: 

a.  CWE 

b.  Design 

c .  _ 

d.  Total 

BENEFITS 


$  11.750 

$  710 _ 

$  _ 

$  12.460 


2. 


3. 


4. 


Recurring  Benefit/Cost  Differential  Other  than  Energy: 


a.  Annual  Labor  Decrease  (+) /Increase  (-)  $ _ 

b.  Annual  Material  Decrease  {+) /Increase  (-)  $ _ 

c.  Other  Annual  Decrease  (+) /increase  (-)  $ _ 

d.  Total  Costs  $ _ 

e.  10%  Discount  Factor  $ _ 

f.  Discounted  Recurring  Cost  (d  x  e)  $ 


Recurring  Energy  Benefit/Costs: 


Type 

(1) 

(2) 

of  Fuel:  No.  6  Fuel  Oil 

Annual  Energy  Decrease  (+) /Increase 
Cost  per  MBTU 

(-) 

S' 

230  MBTU/Yr 
8. 5 3 /MBTU 

(3) 

Annual  Dollar  Decrease /Increase 

( ( 1) x (2)  ) 

$ 

1 96 1 /Yr . 

(4) 

Differential  Escalation  Rate  ( 

8  i) 

Factor 

13.112 

(5) 

Discounted  Dollar  Decrease/Increase 

(3) x (4) 

$ 

25,724 

Type 

(11 

of  Fuel: 

Annual  Energy  Decrease  (+/ /Increase 

(-) 

(2) 

Cost  per  MBTU 

$ 

(3) 

Annual  Dollar  Decrease/Increase 

( (l)x(2)) 

$ 

(4) 

Differential  Escalation  Rate  ( 

%) 

Factor 

(5) 

Discounted  Dollar  Decrease/Increase 

(  ( 3) x ( 4)  ) 

5 

Type 

(1) 

of  Fuel: 

Annual  Energy  Decrease  (+) /Increase 

(-) 

(2) 

Cost  per  MBTU 

$ 

(3) 

Annual  Dollar  Decrease/Increase 

((l)x(2)) 

$ 

(4) 

Differential  Escalation  Rate  ( 

%> 

Factor 

(5) 

Discounted  Dollar  Decrease /Increase 

(  (3)  x  (4)  ) 

$ 

d.  Discounted  Energy  Benefits  (3a ( 5) +3b (5) +3c (5) +3d  (5) )  $  25,724 

Total  Benefits  (Sum  2f+3d)  $  25,724 


3.  Discounted  Benefit/Cost  Ratio  (Line  4 /Line  Id) 


2.06 


6.  Total  Annual  Energy  Savings  (3a (1) +3b ( 1) +3c  ( 1) )  2  30  MBTU/Yr. 

7.  E/C  Ratio  (Line  6  f  Line  la/1000)  19.6 _ 

8.  Annual  $  Savings  (2d+3a (3) +3b ( 3) +3c  (3 ) )  $  1,961/Yr. 

9.  Pay-Back  Period  ((Line  la  -  Salvage) +Line  8)  6.0  Yr  ■ _ 
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3.4  MODIFICATION  NO.  4  -  RESCHEDULE  AHU  OPERATION 


Existing  schedule  -  AHU  Operation  5:00  A.M.  to  5:00  P.M. 

Proposed  Schedule  -  AHU  Operation  6:00  A.M.  to  5:00  P.M.  (Heating  Season) 

AHU  Operation  8:00  A.M.  to  5:00  P.M.  (Cooling  Season) 

Each  of  the  21  air  handling  units  have  recently  been  modified  to  include 
a  seven  day  time-clock  to  reduce  fan  energy.  However,  a  large  portion  of  the 
time-clocks  have  never  been  set  up,  thereby  allowing  several  units  to  run 
continuously.  Figure  3  shows  that  the  fans  consume  8.8  percent  of  the  total 
energy  costs  or  $10,760/yr  (FY  81).  Resetting  the  time-clocks  to  their  existing 
schedule  (5:00  A.M.  to  5:00  P.M.)  will  save  an  estimated  95,000  KWH/year  or 
$3800/yr,  (FY  81). 

The  air  handling  units  can  be  started  later  in  the  morning  if  insulation  is 
added  to  suspended  ceiling  (Modification  No.  1).  During  the  heating  season,  the 
existing  system  requires  approximately  four  hours  to  bring  the  space  tempera¬ 
ture  up  to  the  design  temperature.  The  space  temperature  can  drop  =»s  low  as 
50  to  52°F  at  5:00  A.M.  Without  new  insulation,  is  escaping  Item  the 
building  envelope  at  almost  the  same  rate  at  which  it  is  being  applied.  With 
new  insulation,  the  space  temperature  will  only  drop  to  approximately  62-64°F 
at  5:00  A.M.  and  will  rise  at  a  greater  rate  due  to  the  improved  thermal 
resistance  of  the  envelope.  During  the  heating  season,  the  units  can  be  started 
by  6:00-6:30  A.M.,  only  if  new  insulation  is  added  to  the  suspended  ceiling. 
During  the  cooling  season,  the  units  can  be  started  at  7:30-8:00  A.M.,  since 
there  is  seldom  a  cooling  load  during  the  morning  hours. 

Resetting  the  units'  start-up  time  to  6:00  A.M.  in  the  winter  and  8:00 
A.M.  in  the  summer  will  save  157  MBTU/yr  and  22,400  KWH/yr  or  $2950/yr, 
(FY  81),  at  an  annual  labor  cost  of  16  hours/yr  and  no  capital  investment. 
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3.5  MODIFICATION  NO.  5  -  RELOCATE  MASTER  THERMOSTATS 


Some  of  the  current  air  handling  units  supply  air  simultaneously  to  both 
interior  and  exterior  spaces.  To  supplement  the  varying  space  heating  loads, 
electric  duct  heaters  with  independent  thermostat  control  are  provided  in  the 
branches  to  the  exterior  spaces.  The  existing  sequence  of  operation  for  the 
heating  mode  is  as  follows: 

a.  The  master  thermostat,  which  is  located  in  the  exterior  zone,  modulates 
the  steam  control  valve  in  the  air  handling  unit  to  maintain  the  exterior 
space  at  6S°F. 

b.  If  the  space  temperature  in  the  exterior  zone  falls  below  66°F,  the 
electric  duct  heater  is  energized  to  help  satisfy  the  loads. 

With  the  existing  control  concept,  the  supply  air  temperature  to  the 
interior  zone  is  dictated  by  the  losses  in  the  exterior  zone,  resulting  in  over¬ 
heated  interior  spaces.  This  deficiency  can  be  remedied  by  relocating  the 
rr  aster  thermostat  to  an  interior  space  and  leaving  the  duct  thermostat  in  the 
exterior  space.  Relocating  the  seven  affected  thermostats  saves  10.5  MBTU/ 
year  at  a  capital  investment  of  ^560.  The  following  AHU’s  are  affected  by  this 
modification;  AHU  No.  1,  3,  4,  o,  7,  13,  and  15. 
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TABLE  7 

ECONOMIC  ANALYSIS  SUMMARY 


Location:  Cameron  Station  Energy  Audit  Bldg.  No .  3 


Project: 


Modification  No.  5  -  Thermostat  Relocation 


Economic  Life 


Date  Prepared  1/16/81  Prepared  by_ 


Studle 


Non-Recurring  Initial  Capital  Costs: 

a .  CWE 

b.  Design 

c .  _ 

d.  Total 


$  560 

$ _ 

$ _ 


BENEFITS 

2.  Recurring  Benefit/Cost  Differential  Other  than  Energy: 

a.  Annual  Labor  Decrease  (+) /Increase  (-) 

b.  Annual  Material  Decrease  (+) /Increase  (-) 

c.  Other  Annual  Decrease  (+) /Increase  (-) 

d.  Total  Costs 

e.  10%  Discount  Factor 

f.  Discounted  Recurring  Cost  (d  x  e) 

3.  Recurring  Energy  Benefit/Costs: 

a.  Type  of  Fuel:  No.  6  Fuel  Oil 

(1)  Annual  Energy  Decrease  (+) /Increase  (-) 

(2)  Cost  per  MBTU 

(3)  Annual  Dollar  Decrease/Increase  ((l)x(2)) 

(4)  Differential  Escalation  Rate  ( _ 8_%)  Factor 

(5)  Discounted  Dollar  Decrease/Increase  (3)x(4) 

b.  Type  of  Fuel: _ 

(1)  Annual  Energy  Decrease  (+) /Increase  (-) 

(2)  Cost  per  MBTU 

(3)  Annual  Dollar  Decrease/ Increase  ((l)x(2)) 

(4)  Differential  Escalation  Rate  ( _ %)  Factor 

(5)  Discounted  Dollar  Decrease /Increase  ((3)x(4)) 

c.  Type  of  Fuel: _ 

(1)  Annual  Energy  Decrease  (+) /Increase  (-) 

(2)  Cost  per  MBTU 

(3)  Annual  Dollar  Decrease/ Increase  ((l)x(2)) 

(4)  Differential  Escalation  Rate  ( _ %)  Factor 

(5)  Discounted  Dollar  Decrease /Increase  ((3)x(4)) 

d.  Discounted  Energy  Benefits  (3a ( 5) +3b  (5) +3c (5) +3d  (5) ) 

4.  Total  Benefits  (Sum  2f+3d) 

5.  Discounted  Benefit/Cost  Ratio  (Line  4/Line  Id) 

6.  Total  Annual  Energy  Savings  (3a  ( 1) +3b  ( 1) +3c  (1) ) 

7.  E/C  Ratio  (Line  6  t  Line  la/ 1000) 

8.  Annual  $  Savings  (2d+3a (3) +3b (3) +3c  (3 ) ) 

9.  Pay-Back  Period  ((Line  la  -  Salvage) +Line  8) 


10.5  MBTU 
$  8, 5 3 /MBTU 
$  90/Yr. 
13.112 

$  1174 _ 


10.5  MBTU / Y r 


90/Yr. 
6.2  Yr. 


4.0 


BASIS  FOR  ANALYSIS 


The  following  design  and  operating  criteria  has  been  used  in  the 
evaluation  of  the  recommended  energy  conservation  measures: 

4.1  LOAD  CALCULATIONS  -  Both  computer  analysis  and  hand  calculations  were 
used  to  determine  the  building  heating  and  cooling  loads.  The  results  from  both 
the  "degree  day  method"  and  the  computer  simulation  (DOE  II)  were  compared 
to  determine  the  possible  energy  savings  available.  Infiltration  rates,  U-Values 
and  calculated  procedures  conform  to  the  data  presented  in  ASHRAE  Handbook 
of  Fundamentals. 

Degree  Days  4224/yr 

Summer  Design  Temperature  78°F 

Winter  Design  Temperature  68°F 

4.2  ESCALATION  AND  INFLATION  RATES  -  an  inflation  rate  of  10  percent  and 
escalation  rates  of  7  percent  and  8  percent  for  electricity  and  fuel  oil 
respectively,  were  used  to  determine  the  discounted  benefit/cost  ratios.  The 
differential  escalation  rate  factors  are  as  follows: 

Economic  Life  Electricity  (7%)  Fuel  Oil  (8%) 

15  years  12.278  13.112 

25  years  18.049  20.050 

4.3  FUEL  AND  UTILITY  COSTS 


a.  The  most  recent  purchase  of  No.  6  fuel  oil  for  Cameron  Station  was  at  a 
cost  of  $0.87  per  gallon.  The  future  price  of  fuel  oil  at  the  end  of  1981 
has  been  estimated  to  be  $Q.99/gallon.  Assuming  an  average  heating 
value  of  153,000  BTU  per  gallon  of  fuel  oil  and  an  overall  efficiency  of 
76  percent,  results  in  a  heating  cost  of  $8.53  per  million  BTU's. 

b.  Cameron  Station  is  currently  procuring  their  electricity  from  the  Vir¬ 
ginia  Electric  and  Power  Company  under  the  MS  schedule.  The  rate 
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structure  consists  of  a  $6.22  per  KW  of  demand  charge  and  a  1.546(  per 
KWH  charge.  For  the  analysis  an  average  cost  of  4.36(  per  KWH  was 
used  for  fiscal  year  1981.  Cooling  costs  range  from  0.9  KW  to  1.0KW  per 
ton  of  refrigeration  for  large  centrifugal  refrigeration  gear,  which 
results  in  a  cost  of  $3.60  per  million  BTU's  of  cooling. 

Actual  total  charges  for  electricity  are,  of  course,  based  upon  a 
combination  of  charges  for  usage  (KWH)  and  demand  (KWD).  Since 
Cameron  Station  is  metered  as  a  unit,  the  applicable  demand  charge  is 
determined  by  the  peak  loading  for  the  entire  base.  The  effect  of  peak 
reduction  at  Building  No.  3  upon  the  peak  of  the  base  as  a  whole  is 
indeterminate.  Therefore,  electricity  charges  used  in  this  report  have 
been  determined  utilizing  average  demand  charges  for  the  base  as  a 
whole. 
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US  Military  Academy 
ATTN:  Dept  of  Mechanics 
West  Point,  NY  10996 

US  Military  Academy 
ATTN:  Library 
West  Point,  NY  10996 


Conmander,  TRADOC 
Office  of  the  Engineer 
ATTN:  ATEN-FE-U 
Ft  Monroe,  VA  23651 

AF  Civil  Engr  Center/XRL 
Tyndall  AFB,  FL  32401 


HQDA  (DALO-TSE-F) 

WASH  DC  20314 

HQDA  (OAEN-ASI-L)  (2) 
WASH  DC  20314 

HQDA  (DAEN-MPO-B) 

WASH  DC  20314 

HQDA  (DAEN-MPR-A) 

WASH  DC  20314 

HQDA  (DAEN-MPO-U) 

WASH  DC  2031  4 


Naval  Facilities  Engr  Command 
ATTN:  Code  04 
200  Stovall  St. 

Alexandria,  VA  22332 

Defense  Documentation  Center 
ATTN:  TCA  (12) 

Cameron  Station 
Alexandria,  VA  22314 

Commander  and  Director 
USA  Cold  Regions  Research  Engineering 
Laboratory 
Hanover,  NH  037  55 


HQDA  (DAEN-MP2-A) 
WASH  DC  20314 

HQDA  (OAEN-MPZ-E) 
WASH  OC  20314 

HQOA  (DAEN-MPZ-G ) 
WASH  DC  20314 

HQDA  (DAEN-RDM) 

WASH  DC  20314 

HQDA  (DAEN-RDL) 

WASH  DC  20314 

Director,  USA-WES 
ATTN:  Library 
P.0.  Box  631 
Vicksburg,  MS  39181 


FORSCCM 
ATTN:  AFEN 

Ft  McPherson,  GA  30330 

.FORSCOM 

ATTN:  AFEN-FE 

Ft  McPherson,  GA  30330 

Officer-in-Charge 
Civil  Engineering  Laboratory 
Naval  Construction  Battalion  Center 
ATTN:  Library  (Code  L08A) 

Port  HUeneme,  CA  93043 

Commander  and  Director 
USA  Construction  Engineering 
Research  Laboratory 
P.0.  Box  4005 
Champaign,  IL  61820 


Commander,  TRADOC 
Office  of  the  Engineer 
ATTN :  ATEN 
Ft.  Monroe,  VA  2365’ 


Commanding  General,  3d  USA 

ATTN:  Engineer 

Ft.  McPherson,  GA  3  033  0 
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Commanding  General,  5th  USA 

ATTN:  Engineer 

Ft  Sam  Houston,  TX  78234 

AFCE  Center 

Tyndall  AFB,  FL  32403 

Commander,  DARCOM 
Director,  Installation 
and  Services 
5001  Elsenhower  Ave. 

Alexandria,  VA  22333 

Commander,  DARCOM 

ATTN:  Chief,  Engineering  Div. 

5001  Eisenhower  Ave 
Alexandria,  VA  22333 

Air  Force  Weapons  Lab/AFWL/DE 
Chief,  Civil  Engineering 
Research  Division 
Klrtland  AFB,  NM  87117 

Strategic  Air  Command 
ATTN:  DSC/CE  (DEEE) 

Offutt  AFB,  NE  68112 

Headquarters  USAF 

Directorate  of  Civil  Engineering 

AF/PREES 

Bolling  AFB,  Washington,  DC  20333 

Strategic  Air  Command 
Engineeri ng 
ATTN:  Ed  Morgan 
Offutt  AFB,  NE  68113 

USAF  Institute  of  Technology 
AF IT/D ED 

Wright  Patterson  AFB,  OH  45433 

Air  Force  Weapons  Lab 
Technical  Library  (OOUL) 

Klrtland  AFB,  NM  87117 


Chief,  Naval  Facilities 
Engineer  Command 
ATTN:  Chief  Engineer 
Department  of  the  Navy 
Washington,  DC  20350 

Commander 

Naval  Facilities  Engineering  Cmd 
200  Stovall  St 
Alexandria,  VA  22332 

Commander 

Naval  Facilities  Engr  Qnd 
Western  Division 
Box  727 

San  Bruno,  CA  94066 

Civil  Engineering  Center 
ATTN:  Moreell  Library 
Port  Hueneme,  CA  93043 

Commandant  of  the  Marine  Corps 
HQ,  US  Marine  Corps 
Washington,  DC  20380 

National  Bureau  of  Standards  (4) 
Materials  4  Composites  Section 
Center  for  Building  Technology 
Washington,  DC  20234 

Assistant  Chief  of  Engineer 
Fte  IE  668,  Pentagon 
Washington,  DC  20310 

The  Army  Library  (ANRAL-R) 

ATTN:  Army  Studies  Section 
Room  1A  518,  The  Pentagon 
Washington,  DC  20310 

Commander- i n- Ch  i  ef 

USA,  Europe 

ATTN:  AEAEN 

APO  New  York,  NY  09403 
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♦ 

-  Commander 

USA  Foreign  Science  and 
Technology  Center 
220  8th  St.  N.E. 
Charlottesville,  VA  22901 

Commander 

USA  Science  &  Technology 
Information  Team,  Europe 
APO  New  York,  NY  09710 

Commander 

USA  Science  &  Technology 
Center  -  Far  East  Office 
APO  San  Francisco,  CA  96328 

Commanding  General 

USA  Engineer  Coimand,  Europe 

APO  New  York,  NY  09403 

Deputy  Chief  of  Staff 
for  Logistics 
US  Army,  The  Pentagon 
Washington,  DC  20310 

Commander,  TRADOC 
Office  of  the  Engineer 
ATTN:  Chief,  Facilities 
Engineering  Oivision 
Ft  Monroe,  VA  23651 

Commanding  General 
USA  Forces  Command 
Office  of  the  Engineer 
(AFEN-FES) 

Ft  McPherson,  GA  30330 


Commander 

USA  Support  Command,  Hawaii 
Fort  Shatter,  HI  96858 

Commander 

Eighth  US  Army 

APO  San  Francisco  96301 

Commander 

US  Army  Facility  Engineer 
Activity  -  Korea 
APO  San  Francisco  96301 

Commander 

US  Army,  Japan 

APO  San  Francisco,  CA  96343 

Facilities  Engineer 

Fort  Bel  voir 

Fort  Belvoir,  VA  22060 

Facilities  Engineer 

Fort  Benning 

Fort  Benning,  GA  31905 

Facilities  Engineer 
Fort  Bliss 

Fort  Bliss,  TX  79916 

Facilities  Engineer 
Carlisle  Barracks 
Carlisle  Barracks,  PA  17013 

Facilities  Engineer 

Fort  Chaffee 

Fort  Chaffee,  AR  72902 


Commanding  General 
USA  Forces  Command 
ATTN:  Chief,  Facilities 
Engineering  Division 
Ft  McPherson,  GA  30330 

Commanding  General,  1st  USA 

ATTN:  Engineer 

Ft  George  G.  Meade,  MD  20755 


Facilities  Engineer 
Fort  Dix 

Fort  Dix,  NJ  08640 

Facilities  Engineer 
Fort  Eustis 

Fort  Eustis,  VA  23604 
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Facilities  Engineer 

Fort  Gordon 

Fort  Gordon,  GA  30905 

Facilities  Engineer 

Fort  Hamilton 

Fort  Hamilton,  NY  11252 

Facilities  Engineer 

Fort  A  P  Hill 

Bowling  Green,  VA  22427 

Facilities  Engineer 

Fort  Jackson 

Fort  Jackson,  SC  29207 

Facilities  Engineer 
Fort  Knox 

Fort  Knox,  KY  40121 

Facilities  Engineer 
Fort  Lee 

Fort  Lee,  VA  23801 

Facilities  Engineer 

Fort  McClellan 

Fort  McClellan,  AL  36201 

Facilities  Engineer 

Fort  Monroe 

Fort  Monroe,  VA  23651 

Facilities  Engineer 

Presidio  of  Monterey 

Presidio  of  Monterey,  CA  93940 

Facilities  Engineer 
Fort  Pickett 
Blackstone,  VA  23824 

Facilities  Engineer 

Fort  Rucker 

Fort  Rucker,  AL  36362 

Facilities  Engineer 
Fort  Sill 

Fort  Sill,  OK  73503 


Facilities  Engineer 
Fort  Story 

Fort  Story,  VA  23459 

Facilities  Engineer 
Kansas  Army  Ammunition  Plant 
Parsons,  KS  67357 

Facilities  Engineer 

Lone  Star  Army  Ammunition  Plant 

Texarkana,  TX  75501 

Facilities  Engineer 
Picatinny  Arsenal 
Dover,  NJ  07801 

Facilities  Engineer 
Louisiana  Army  Ammunition  Plant 
Shreveport,  LA  71130 

Facilities  Engineer 
Milan  Army  Ammunition  Plant 
Milan,  TN  38358 

Facilities  Engineer 
Pine  Bluff  Arsenal 
Pine  Bluff,  AR  71601 

» 

Facilities  Engineer 
Radford  Army  Ammunition  Plant 
Radford,  VA  24141 

Facilities  Engineer 
Rock  Island  Arsenal 
Rock  Island,  IL  61201 

Facilities  Engineer 
Rocky  Mountain  Arsenal 
Denver,  CO  80340 

Facilities  Engineer 
Scranton  Army  Ammunition  Plant 
156  Cedar  Avenue 
Scranton,  PA  18503 

Facilities  Engineer 
Tobyhanna  Army  Depot 
Tobyhanna,  PA  18466 


Facilities  Engineer 
Tooele  Army  Depot 
Tooele,  UT  84074 

Facilities  Engineer 
Arlington  Hall  Station 
400  Arlington  Blvd 
Arlington,  VA  22212 

Facilities  Engineer 
Cameron  Station,  Bldg  17 
5010  Duke  Street 
Alexandria,  VA  22314 

Facilities  Engineer 

Sunny  Point  Military  Ocean  Terminal 

Southport,  NC  28461 

Facilities  Engineer 
US  Military  Academy 
West  Point  Reservation 
West  Point,  NY  10996 

Facilities  Engineer 

Fort  Ritchie 

Fort  Ritchie,  MD  21719 

Facilities  Engineer 
Army  Materials  &  Mechanics 
Research  Center 
Watertown,  MA  02172 

Facilities  Engineer 
Ballistics  Missile  Advanced 
Technology  Center 
P.0.  Box  1500 
Huntsville,  AL  35807 

Facilities  Engineer 
Fort  Wainwright 
172d  Infantry  Brigade 
Fort  Wainwright,  AK  99703 

Facilities  Engineer 

Fort  Sreely 

Fort  Greely,  AK  98733 

Facilities  Engineer 
Fort  Richardson 
Fort  Richardson,  AK 


Facilities  Engineer 
Harry  Diamond  Laboratories 
2800  Powder  Mill  Rd 
Adel  phi,  MD  20783 

Facilities  Engineer 
Fort  Missoula 
Missoula,  MT  59801 

Facilities  Engineer 
New  Cumberland  Army  Depot 
New  Cumberland,  PA  17070 


Facilities  Engineer 
Oakland  Army  Base 
Oakland,  CA  94626 

Facilities  Engineer 
Vint  Hill  Farms  Station 
Warrentown,  VA  22186 

Facilities  Engineer 

Twin  Cities  Army  Ammunition  Plant 

New  Brighton,  MN  55112 

Facilities  Engineer 

Volunteer  Army  Ammunition  Plant 

Chattanooga ,  TN  37401 
* 

Facilities  Engineer 
Watervl let  Arsenal 
Watervliet,  NY  12189 

Facilities  Engineer 
St  Louis  Area  Support  Center 
Granite  City,  IL  62040 

Facilities  Engineer 

Fort  Monmouth 

Fort  Monmouth,  NJ  07703 

Facilities  Engineer 
Redstone  Arsenal 
Redstone  Arsenal ,  AL  35809 


99505 
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Facilities  Engineer 
Detroit  Arsenal 
Warren,  MI  48039 


Facilities  Engineer 
Aberdeen  Proving  Ground 
Aberdeen  Proving  Ground,  MD 


21005 


Facilities  Engineer 
Jefferson  Proving  Ground 
Madison,  IN  47250 


Facilities  Engineer 
Duawav  Proving  Ground 
Ougway,  UT  84022 

Facilities  Engineer 
Fort  McCoy 
Sparta,  WI  54656 


Facilities  Engineer 
White  Sands  Missile  Range 
White  Sands  Missile  Aa<;ge, 


NM  88002 


facilities  Engineer 
Yuma  Proving  Ground 
Yuma,  AZ  85364 

Facilities  Engineer 
Natick  Research  &  Dev  Ctr 
Kansas  St. 

Natick,  MA  01760 


Facilities  Engineer 
Fort  Bragg 

Fort  Bragg,  NC  28307 


Facilities  Engineer 

Fort  Campbell 

Fort  Campbel 1 ,  KY  42223 


Facilities  Engineer 

Fort  Carson 

Fort  Carson,  CO  80913 


Facilities  Engineer 
Fort  Drum 

Watertown,  NY  13601 


Facilities  Engineer 
Fort  Hood 

Fort  Hood,  TX  76544 

Facilities  Engineer 
Fort  Indiantown  Gap 
Annvllle,  PA  17003 

Facilities  Engineer 
Fort  Lewi s 

Fort  Lewis,  WA  98433 

Facilities  Engineer 

Fort  MacArthur 

Fort  MacArthur,  CA  90731 

Facilities  Engineer 

Fort  McPherson 

Fort  McPherson,  GA  30330 

Facilities  Engineer 

Fort  George  G.  Meade 

Fort  George  G.  Meade,  MD  20755 

Facilities  Engineer 
Fort  Polk 

Fort  Polk,  LA  71459 

facilities  Engineer 
fort  Riley 

Fort  Riley,  KS  66442 

Facilities  Engineer 

Fort  Stewart 

Fort  Stewart,  GA  31312 

Facilities  Engineer 
Indiana  Army  Ammunition  Plant 
Charlestown,  IN  47111 

Facilities  Engineer 
Joliet  Army  Ammunition  Plant 
Joliet,  IL  60436 

Facilities  Engineer 
Anniston  Army  Depot 
Anniston,  AL  36201 
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Facilities  Engineer 
Corpus  Chrlsti  Army  Depot 

Corpus  Christ 1 »  TX  78419 

Facilities  Engineer 
Red  River  Army  Depot 
Texarkana,  TX  75501 

Facilities  Engineer 
Sacramento  Anny  Depot 
Sacramento,  CA  95813 

Facilities  Engineer 
Sharpe  Army  Depot 
Lathrop,  CA  953  3  0 

Facilities  Engineer 
Seneca  Army  Depot 
Romulus,  NY  14541 

Facilities  Engineer 
Fort  Ord 

Fort  Ord,  CA  93941 

Facilities  Engineer 

Presidio  of  San  Francisco 

pJSdlo  of  San  Francisco,  CA  94129 

Facilities  Engineer 

Fort  Sheridan 

Fort  Sheridan,  II  60037 

Facilities  E"9ine«r. ,nn  p,.nt 
Holston  Army  Ammunition  Plane 
Kingsport,  TN  37662 

Facilities  Engineer 
Baltimore  ^tput 
Baltimore,  HD  21222 

Facilities  Engineer  , 

Bayonne  Military  Ocean  Terminal 
Bayonne,  NJ  07002 

Facilities  Engineer  .  . 

Bay  Area  Military  Ocean  Terminal 
Oakland,  CA  94626 


Facilities  Engineer 

Gulf  Output 

New  Orleans,  LA  70146 

Facilities  Engineer 

Fort  Huachuca 

Fort  Huachuca,  AZ  86513 

Facilities  Engineer 
Letterkenny  Army  Depot 
Chambersburg ,  PA  17201 

Facilities  Engineer 
Michigan  Army  Missile  Plant 
Warren,  MI  48089 

COL  E.C.  Lussier 
FI tz simons  Army  Med  Center 
ATTN:  HSF-DFE 
Denver,  CO  80240 

US  Army  Fry  Dist,  New  York 
ATTN  TAME  r 
26  Federi.1  PI  -a  „ 

New  Yo,  ,  NY  IOC  >7 

USA  Engr  i;«st,  Baltimore 
ATTN:  Chief,  -t  Oiv 
P.0.  Box  1715 
Baltimore,  MD  214 

USA  Engr  Dist,  Charleston 
ATTN:  Chief,  Engr  Div 

JtariSorsC  29402 

USA  Engr  Dist,  Detroit 
P.0.  Box  l02?,,, 

Detroit,  MI  48231 

USA  Engr  Dist,  Kansas  CUy 
ATTN:  Chief,  Engr  Div 
700  Federal  Office  Bldg. 
601  E.  12th  St 
Kansas  City,  MO  64106 


USA  Engr  Dlst,  Qnaha 
ATTN:  Chief,  Engr  Div 
7410  USOP  and  Courthouse 
215  N.  17th  St 
Onaha,  NE  68102 

USA  Engr  Dist,  Fort  Worth 
ATTN:  Chief,  SWF ED- D 
P.0.  Box  17300 
Fort  Worth,  TX  76102 

USA  Engr  Dist,  Sacramento 
ATTN:  Chief,  SPKED-D 
650  Capitol  Mall 
Sacramento,  CA  95814 

USA  Engr  Dist,  Far  East 
ATTN:  Chief,  Engr  Div 
APO  San  Francisco,  CA  96301 


USA  Engr  Dist,  Japan 

APO  San  Francisco,  CA  96343 

USA  Engr  Div,  Europe 

European  Div,  Corps  of  Engineers 

APO  New  York,  NY  09757 

USA  Engr  Div,  North  Atlantic 
ATTN:  Chief,  NADEN-T 
90  Church  St. 

New  York,  NY  10007 

USA  Engr  Oiv,  South  Atlantic 
ATTN:  Chief,  SAEN-TE 
510  Title  Bldg 
30  Pryor  St,  SW 
Atlanta,  GA  30303 

USA  Engr  Dist,  Mobile 
ATTN:  Chief,  SAMEN-C 
P.0,  Box  2288 
Mobile,  AL  36601 

USA  Engr  Dist,  Louisville 
ATTN:  Chief,  Engr  Div 
P.0.  Box  59 
Louisville,  KY  40201 


USA  Engr  Div,  Norfolk 
ATTN:  Chief,  NAOEN-D 
803  Front  Street 
Norfolk,  VA  23510 

USA  Engr  Div,  Missouri  River 
ATTN:  Chief,  Engr  Div 
P.0.  Box  103  Downtown  Station 
Qnaha,  HE  68101 

USA  Engr  Div,  South  Pacific 
ATTN:  Chief,  SPDED-TG 
630  Sansome  St,  fcn  1216 
San  Francisco,  CA  94111 

USA  Engr  Div,  Huntsville 
ATTN:  Chief,  HNDED-ME 
P.0.  Box  1600  West  Station 
Huntsville,  AL  35807 

USA  Engr  Div,  Ohio  River 
ATTN:  Chief,  Engr  Div 
P.0.  Box  1159 
Cincinnati,  Ohio  45201 

USA  Engr  Div,  North  Central 
ATTN:  Chief,  Engr  Div 
536  S.  Clark  St. 
thicago,  IL  60605 

USA  Engr  Div,  Southwestern 
ATTN:  Chief,  SWDED-TM 
Main  Tower  Bldg,  1200  Main  St 
Dallas,  TX  75202 

USA  Engr  Dist,  Savannah 
ATTN:  Chief,  SASAS-L 
P.0.  Box  889 
Savannah,  GA  31402 

Commander 

US  Army  Facilities  Engineering 
Support  Agency 
Support  Detachment  II 
Fort  Gillem,  GA  30050 


Commander 

US  Army  Facilities  Engr  Spt  Agency 

ATTN:  MAJ  Brisbine 

Support  Detachnent  III 

P.O.  Box  65S0 

Fort  Bliss,  TX  79916 

NCOIC 

US  Army  Facilities  Engr  Spt  Agency 

Support  Detachment  III 

ATTN:  FESA-III-SI 

P.0.  Box  3  031 

Fort  Sill,  OK  73503 

NCOIC 

US  Army  Facilities  Engr  Spt  Agency 
Support  Detachment  III 
ATTN:  FESA-I II-PR 
P.O.  Box  29704 

Presidio  of  San  Francisco,  CA  94129 
NCOIC 

US  Army  Facilities  Engr  Spt  Agency 
ATTN:  FESA-III-CA 
Post  Locator 
Fort  Carson,  CO  80913 

Gommander/CPT  Ryan 

US  Army  Facilities  Engr  Spt  Agency 

Support  Detachment  IV 

P.O.  Box  300 

Fort  Monmouth,  NJ  07703 

NCOIC 

US  Army  Facilities  Engr  Spt  Agency 

ATTN:  FESA-1V-MU 

P.O.  Box  300 

Fort  Monmouth,  NJ  07703 

NCOIC 

US  Army  Facilities  Engr  Spt  Agency 
Support  Detachment  IV 
ATTN:  FESA-IV-ST 
Stewart  Army  Subpost 
Newburgh,  New  York  12250 

NCOIC 

US  Army  Facilities  Engineering 
Support  Agency 
Support  Detachment  II 
ATTN:  FESA-I I- JA 
Fort  Jackson,  SC  29207 


NCOIC 

US  Army  Facilities  Engr  Spt  Agency 

Support  Detachment  II 

ATTN:  FESA-II-BE 

P.O.  Box  2207 

Fort  Bennlng  6A  31905 

NCOIC 

US  Army  Facilities  Engr  Spt  Agency 
Support  Detachment  II 
ATTN:  FESA-I I-KN 
Fort  Knox,  KY  40121 

Naval  Facilities  Engineering  Ond 
Energy  Programs  Branch,  Code  1023 
Hoffmann  Bldg.  2,  (Mr.  John  Hughes) 
Stovall  Street 
Alexandria,  VA  22332 

Commander 

US  Army  Facilities  Engineering 
Support  Agency 
FE  Support  Detachment  I 
APO  New  York,  NY  09081 

Navy  Energy  Office 
ATTN:  W.R.  Mltchum 
Washington  DC  20350 

David  C.  Hall 

Energy  Projects  Officer 

Dept,  of  the  Air  Force 

Sacramento  Air  Logistics  Center  (AFLC) 

2852  ABG/DEE 

McClellan,  CA  95652 

USA  Engineer  District,  Chicago 
219  S.  Dearborn  Street 
ATTN:  District  Engineer 
Chicago,  IL  60604 

Directorate  of  Facilities  Engineer 
Energy  Environmental  &  Self  Help  Center 
Fort  Campbell,  KY  42223 

Commander  and  Director 
Construction  Engineering  Research 
Laboratory 
ATTN:  COL  Clrceo 
P.O.  Box  4005 
Champaign,  IL  61820 
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Mr.  Ray  Heller 
Engineering  Services  Branch 
0FAE,  Bldg.  1950 
Fort  Sill,  OK  73503 

Commander-In-Chief 
HQ,  USAEUR 
ATTN:  AEAEN-EH-U 
APO  New  York  09403 

HQ  AFESC/RDVA 
ATTN:  Mr.  Hathaway 
Tyndall  AF8,  FL  32403 

Commander  and  Director 

Construction  Engineering  Research  Lab 

ATTN:  Library 

P.O.  Box  4005 

Champaign,  IL  61820 

HQ,  5th  Signal  Command 
Office  of  the  Engineer 
APO  New  York  09056 

HQ,  Us  Military  Comnunity  Activity, 
Hellbronn 

Director  of  Engineering  &  Housing 
ATTN:  Rodger  0.  Romans 
APO  New  York  09176 

Commanding  General 
HQ  USATC  and  Fort  Leonard  Wood 
ATTN:  Facility  Engineer 
Fort  Leonard  Wood,  MO  65473 

SSG  Ruiz  Burgos  Andres 
D.F.E.,  HHC  HQ  Ond  193d  Inf 
BOE 

Ft.  Clayton,  C/Z 

Energy/Envlronmental  Office 
ATTN:  David  R,  Nichols 
USMCA-NBG  (OEH) 

APO  New  York  096  96 

Commander 

535th  Engineer  Detachment 

P.O.  Box  300 

Fort  Mormouth,  NJ  07703 


NCOIC 

535th  Engineer  Detachment,  Team  A 

ATTN:  SFC  Prenger 

P.O.  Box  224 

Fort  Knox,  KY  40121 

NCOIC 

535th  Engineer  Detachment,  Team  B 

ATTN:  SP6  Cathers 

P.O.  Box  300 

Fort  Monmouth,  NJ  07703 

NCOIC 

535th  Engineer  Detachment,  Team  C 

ATTN:  SFC  Jackson 

P.O.  Box  4301 

Fort  Eustls,  VA  23604 

NCOIC 

535th  Engineer  Detachment,  Team  D 
ATTN:  SFC  Hughes 
Stewart  Army  Subpost 
Newburg,  New  York  12550 

Commander 

Persidio  of  San  Francisco, 
California 

ATTN:  AFZM-DI/Mr.  Prugh 
"San  Francisco,  CA  94129 

Facilities  Engineer 
Corpus  Chrlstl  A rmy  Depot 
ATTN:  Mr.  Joseph  Canpu/Stop  24 
Corpus  Chrlstl,  TX  78419 

Walter  Reed  Army  Medical  Center 
ATTN:  KHSWS-E/ James  Prince 
6825  16th  St.,  NW 
Washington,  DC  20012 

Commanding  Officer 

Installations  and  Services  Activity 

ATTN:  DRCIS-RI-IB 

Rock  Island  Arsenal 

Rock  Island,  IL  61299 
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Commanding  Officer 
Northern  Division  Naval 
Facilities  Engineering  Command 
Code  102  (Mr.  E.F.  Hunrn) 

Naval  Base 

Philadelphia*  PA  19112 

Commander,  US  Army  Facilities  Engineering 
Support  Agency 
Support  Detachnent  I 
APO  New  York  09061 

HQ,  USA  Health  Services  Ond 
Bldg.  2792 
ATTK:  HSIO-F 

Fort  Sam  Houston,  TX  78234 
HQOA 

(DAEN-MPE-E) 

WASH  DC  20314 

Commanding  Officer 
Northern  Division  Naval 
Facilities  Engineering  Conmand 
Code  10 

Naval  Base,  Building  77 
Philadelphia,  PA  19112 

Facilities  Engineer 

Fort  Leavenworth 

Fort  Leavenworth,  KS  66027 

Facilities  Engineer 

Fort  Benjamin  Harrison 

Fort  Benjamin  Harrison,  IN  46216 

Office  of  the  ASE 
ATTN:  MAJ  Johnson 
Camp  Ripley 

Little  Falls,  MN  56345 

Commander 
US  Army  Garrison 
ATTN:  HSO-FE 
Fort  Detrick,  MO  21701 

AF ESC/DEB 

Ami:  Mr.  Fred  Season 
Tyndall  AFB,  FL  32403 


Mr.  David  White 
Defense  Audit  Service 
888  North  Sepulveda  Blvd. 

Suite  610 

El  Sequndo,  CA  90245 

Facilities  Engineer 
Bldg.  308 

Fort  Myer,  VA  22211 
NAVFAC 

ATTN:  John  Zekan 
Code  0833  Hoffmann  Building 
200  Stovall  Street 
Alexandria,  VA  22332 

HQ,  USASCH 

Director  Engineering  &  Housing 
Fort  Shatter,  HI  96858 

HQ,  WESTCOM 

ATTN:  APEN-CE 

Fort  Shatter,  HI  96858 

Headquarters  US  Army  Materiel  Development 
&  Readiness  Command 
ATTN:  Energy  Office,  DRCIS-C 
Alexandria,  VA  22333 

One  Stop  Coordinator 
Army  Corps  of  Engineers 
ATTN:  ORNED-D  (Connie  Flatt) 

P.0.  Box  1070 
Nashville,  TN  37202 

Solar  Energy  Research  Institute 
1617  Cole  Boulevard 
Golden,  CO  80401 

American  Telephone  &  Telegraph  Co. 

ATTN:  Kenneth  T.  Rlsberg 
222  Mt.  Airy  Road,  An  192B5 
Basking  Ridge,  NJ  07920 

LCDR  D.  J.  Clark 
Navy  Material  Command 
COde  08E 

Washington,  DC  20360 


DIST  II 


Office  of  Secretary  of  Oefense 
Installations  &  Housing 
ATTN:  Hr.  Millard  Carr 
WASH  DC  20301 

Commandant  (G-ECV-2/65) 

ATTN:  LTC  Peck 
US  Coast  Guard  HQTRS 
2100  2nd  St.  SU 
WASH  DC  205 SB 

HQ  AFESC/DEB 

ATTN:  COL.  William  R.  Gaddle 
Tyndall  AFB,  FL  32403 


OIST  12 


